CIE and enzymatic interesterification EIE . Palmitic acid is naturally produced by plants and animals and it is a main constituent of the oil from oil palms while stearic acid is commonly found in tallow. Trans fatty acid formation is one of the major side reactions during partial hydrogenation. Previous literature data reported that there is an association between trans fats consumption and adverse health effects 5 7 . CIE will lead to the formation of unwanted side reactions which subsequently decreased the oxidative stability of oils. All three fatty acids will be randomly shifted in CIE process. Hence, fatty acid distribution cannot be predicted before CIE, thus the application of end products from CIE will be hardly categorized as specific type of oils. Gouk and co-workers found that long chain fatty acids at sn-1,3 positions exhibited more profound effect in reducing body fat deposition in mice rather than total fatty acid compositions sn-1,2,3 8, 9 because the snposition in the TG molecule determines the physical characteristic of fats, affects the absorption of fatty acids, lipid metabolism and fat distribution in tissues 10 . Previous studies indicated that unsaturated fatty acids at 2-position of triglycerides play an important role in regulating cholesterol levels in the bloodstream 11, 12 . The significant commercial food applications of EIE are cocoa butter equiva-lents 1, 13 and human milk fat substitutes 14, 15 . Symmetrical triglycerides could be good sources for in vivo studies on the effects of positional distribution of fatty acids of triglycerides in fat deposition and cholesterol levels. Therefore, EIE process was chosen to incorporate these fatty acids into the end positions of soybean oil to produce symmetrical triglycerides SUS type .
EXPERIMENTAL 2.1 Materials
Lipozyme RMIM sn-1,3 specific immobilised lipase from Rhizomucor miehei was purchased from Novozymes Denmark . Refined, bleached and deodorised soybean oil SBO was purchased from PGEO Edible Oil Sdn Bhd Malaysia . Palmitic acid ≥ 98 and stearic acid ≥ 97 were purchased from Wilmar International and Merck Millipore Darmstadt, Germany , respectively.
Methods

Enzymatic Interesterification
Lipozyme RMIM was activated in the SBO for 30 minutes at 65 . Palmitic acid and SBO were blended at 25:75 w/w, 40:60 w/w and 60:40 w/w respectively. The 30 g of blends were added into quick-fit Erlenmeyer flasks in the presence of 5 activated Lipozyme RMIM. Enzymatic interesterification of the blends was carried out at 65 with continuous shaking in an orbital shaking water bath Model SV1422, Memmert, Germany at 8 hours. The products were then filter to remove the enzyme. All the steps above were repeated by replacing palmitic acid with stearic acid at optimum temperature of 70 .
Column Chromatography
The interesterified structured lipids EIE-SBO were loaded onto the top of the packed column via wet packing method. The column was eluted with isocratic solvent system, 90 of hexane and 10 of ethyl acetate to remove free fatty acids and MAG and DAG. The percentage yield of the EIE-SBO were in the range of 90 to 93.
Triglyceride Analysis
Regiospecific analysis of the lipid was conducted as described by Teh 16 . The quantitative spectra of dietary oils were measured using 100 mg which were dissolved in 0.50 mL of deuterated chloroform CDCl 3 . 13 C NMR spectra were recorded on JEOL ECX500 FT NMR Spectrometer system operating at 11.7 T. The fatty acid positional composition in the triacylglycerols of lipids were acquired under a relaxation delay of 15.0 s, 8192 data points, a 90 pulse angle and a spectral width of 1500 Hz at which the acyl chain carbonyl carbons resonate.
GC analysis of Fatty acid composition
Fatty acid compositions of the lipids were measured using Gas chromatography-mass spectrometer GC-MS on a J&W DB-WAXETR column 30 m L 250 μm D 0.25 μm Film ; Agilent Technologies, US . The carrier gas Helium was 20 mL/min while injector temperature was set at 250 . Oven temperature was set at 240 . Fatty acids were determined in the form of methyl ester using AOCS Official Method C3 1-62.
GC analysis of Acylglycerols
The compositions of acylglycerides according to carbon number were examined as described in MPOB Test Method p3. 3:2004 . Gas chromatograph on a column 15 m L 530 μm D 0.15 μm Film was used. The carrier gas, hydrogen was 30 mL/min while injector and detector temperature were set at 360 . Oven temperature was set at 400 . Identification of monoacylglycerols MAG and FFA MAG/ FFA , DAG and TAG was done by comparison with retention times of commercial TAG standards.
Free Fatty Acids
Free fatty acids of lipids were analyzed by titrimetric method as given in the AOCS Official Method Ca 5a-40.
Cloud points
Cloud points of lipids were conducted using MPOB Test Method p4.3:2004.
Differential scanning calorimetry analysis
The melting and cooling thermograms of lipids were determined as described by Siew 17 with some modifications. The instrument used was a Perkin-Elmer DSC-6000. The 2 to 6 mg sample was weighed and sealed in aluminum pan. It was heated to 80 for 5 min and held for 15 min to ensure that no residual nuclei remained. The sample was then cooled from its melting state 80 to 20 at 5 / min and held for 15 min for the cooling thermogram before re-heating to 80 at 5 /min for the melting thermogram.
Oxidative stability of lipids
The oxidative stability of lipids was examined as described in the AOCS Cd 12b-92 with some modifications. The induction period was recorded on Metrohm, Rancimat-743. The temperature used was 110 with delta T of approximately 2 while the gas flow was fixed at 10 L/h. Palm olein IV56 was used as control in this experiment.
Statistical analysis
All the data presented in mean and performed by using GraphPad Prsim 5. Data were analyzed by one-way ANOVA, followed by Tukey s Multiple Comparison Test. The p value less than 0.05 was considered to be statistically significant.
RESULTS AND DISCUSSION
Partial-hydrogenation is often used to modify chemical structures of polyunsaturated vegetable oils by removing their C C double bonds. This process is designed to increase their melting points as well as to enhance the oxidative stability of oils. However, trans fatty acid formation is Palmitate or Stearate-derivatives of SBO one of the major side reactions during the process. Previous published data showed that there is an association between trans fats consumption and adverse health effects 5, 6 . Chemical interesterification CIE is another well-known process which is used to modify the structure of oils by randomly rearranging their fatty acid groups using chemical catalyst such as sodium methoxide in an organic solvent 18 . The catalyst will lead to the formation of unwanted side reactions such as degradation of tocopherols and formation of di-alkylketones which subsequently decreased the oxidative stability of oils.
Enzymatic interesterification EIE process was chosen because it gives more selective and trans fats free structured lipids. The sn-1,3 specific immobilised lipase from Rhizomucor miehei RMIM was used for the EIE reaction in order to increase SFA at sn-1,3 positions while SFA at sn-2 position remains unchanged. The fatty acid positional compositions of SBO and soybean-derivatives were determined using 13 C NMR instead of conventional methods which involved enzymatic hydrolysis, Grignard chemical degradation, and chromatography analysis. The percentages of SFA of soybean-derivatives palmitic and stearic acid at the sn-1,3 positions were in the range of 36.1-40.8 while SFA at the sn-1,2,3 positions were ranging from 24.4 to 26.7 Refer to Table 1 . All palmitic and stearic derivatives of soybean oil had no statistically significant differences p 0.05 among themselves but revealed statistically differences p 0.05 with soybean oil by comparing their SFAs at sn-1,3 and sn-1,2,3 . Moreover, no statistically significant difference was found between their SFAs at sn-2 positions of both SBO and all the structured lipids Refer to Fig. 1 . The results implied that the optimum ratios of palmitic acid or stearic acid with soybean oil were 25:75 w/w. The palmitic acid or stearic acid was added in excess to ensure complete reaction, however, there were such excessive amounts of them in P40, P60, S40 and S60 will cause unnecessary waste and might be detrimental to oil quality.
The free fatty acids FFA , monoglycerides MAG and Further analysis with different physiochemical properties were performed on the optimum ratios of palmitic and stearic derivatives of soybean oil obtained which were P25 and S25. There were approximately 12 increase of palmitic acid C16:0 for P25 and stearic acid C18:0 for S25 and approximately 7 decrease of total linoleic C18:2 and linolenic acids C18:3 compared to SBO as shown in Table 2 .
Free fatty acid FFA content of oil is used to measure oil quality. The FFA content of SBO, P25 and S25 were less than 0.1 . Cloud point for edible oil refers to the temperature at which liquids begins to turn into immiscible on cooling, subsequently forming a cloudy appearance. The cloud points of SBO and P25 were less than 0 , whereas the cloud point of S25 was more than 0 . S25 has higher melting and crystallization points than that of P25 and SBO. This might due to the greater amount of higher melting component of stearic acid with melting point of 69 for S25. In addition, the melting and crystallization points of P25 were slightly higher than that of SBO because of the higher proportion of palmitic acid in P25 Refer to Table 3 .
The oxidative induction period for SBO, P25, S25 and palm olein IV56 were recorded. The P25 and S25 with higher SFA and lower PUFA contents showed higher oxidative stability and higher melting points as shown in the Table 3 . However, the induction time for palm olein IV56 14.3 hours was much higher than SBO, P25 and S25 due to its fatty acid compositions, 47.2 of SFA, 40.5 of MUFA and 12.3 of PUFA. It was apparently much resistant to oxidation than SBO and structured lipids Refer to Table 3 .
CONCLUSION
The optimum ratio of incorporation of palmitic acid or stearic acid into soybean oil is 25:75 w/w and the percent- ages of SFA of soybean-derivatives palmitic and stearic acid at the sn-1,3 positions were in the range of 36.1-40.8 . Pre-clinical trial on the structured lipids can be carried out to study the effects of positional distribution of fatty acids of triglycerides in fat deposition and cholesterol levels in due course. 
